The friction between tires and pavement is the source of driving force of automobile, which is also an effective guarantee for the vehicle handling stability and traffic safety [1] . The coefficient of friction between tires and pavement is a main indicator to measure the anti-sliding performance in pavement. A good anti-sliding performance is one of prerequisite performance of the asphalt pavement. Therefore, the anti-sliding performance is the most important characteristic among the pavement surface characteristics (anti-sliding characteristic, flatness characteristic, driving noise characteristic and reflective characteristic and so on) [2] [3] [4] . The pollutants in pavement will seriously reduce the anti-sliding performance in pavement, mainly manifesting in two aspects: first, the pollutants embedded in the macro-structure depth of pavement block the gap in pavement surface, thereby reducing the friction coefficient of pavement [5] ; second, the pollutants will cover the pavement surface, and play a role in lubrication. Wilson, et al [6] researched the influencing factors of anti-sliding performance in pavement, and found that, under the fixed pavement and traffic conditions, the influencing factors of anti-sliding performance are only related to temperature [7] , rainfall and pollution to the pavement surface [8] . Zhu Yuping carried out the research on improvement of the anti-sliding performance in asphalt pavement [9] . This paper researches the impact of pavement pollutants on the anti-sliding performance in asphalt pavement.
RESEARCH BACKGROUND
The friction between tires and pavement is the source of driving force of automobile, which is also an effective guarantee for the vehicle handling stability and traffic safety [1] . The coefficient of friction between tires and pavement is a main indicator to measure the anti-sliding performance in pavement. A good anti-sliding performance is one of prerequisite performance of the asphalt pavement. Therefore, the anti-sliding performance is the most important characteristic among the pavement surface characteristics (anti-sliding characteristic, flatness characteristic, driving noise characteristic and reflective characteristic and so on) [2] [3] [4] . The pollutants in pavement will seriously reduce the anti-sliding performance in pavement, mainly manifesting in two aspects: first, the pollutants embedded in the macro-structure depth of pavement block the gap in pavement surface, thereby reducing the friction coefficient of pavement [5] ; second, the pollutants will cover the pavement surface, and play a role in lubrication. Wilson, et al [6] researched the influencing factors of anti-sliding performance in pavement, and found that, under the fixed pavement and traffic conditions, the influencing factors of anti-sliding performance are only related to temperature [7] , rainfall and pollution to the pavement surface [8] . Zhu Yuping carried out the research on improvement of the anti-sliding performance in asphalt pavement [9] . This paper researches the impact of pavement pollutants on the anti-sliding performance in asphalt pavement.
OVERVIEW OF RELEVANT RESEARCH
Domestic and foreign scholars have observed the impact of tires and pavement media on the anti-sliding performance for a long time, and carried out the relevant research. Through statistics of traffic accidents and pavement anti-sliding coefficient in rainy days in Virginia, the United States, J.S. KPttesch [10] found that, the pavement in rainy days is likely to produce insufficient anti-sliding performance, resulting in increase in slippery traffic accidents in rainy days. A. Notheim, et al [11] researched the impact of different structures and properties of ice and snow on the anti-sliding performance in pavement. J.C. Wambold, et al [12] viewed ice and snow as the pavement pollutants, and researched the impact of ice and snow on the anti-sliding performance in pavement through the anti-sliding performance test and theoretical analysis. Peng Xudong, Guo Konghui, et al [13] [14] [15] [16] researched the impact of the friction mechanism of tires and ice and snow pavement and the ice and snow on the friction coefficient of tires and pavement. Through statistical analysis of the anti-sliding performance and traffic accidents in Swiss pavement, H.P. Lindenlnann, et al [17] found that, in the early stage of initial rain in summer, the anti-sliding performance in pavement dropped sharply, resulting in increase in slippery traffic accidents in pavement. The anti-sliding performance in pavement is not only affected by two kinds of media, namely, water, ice and snow between tires and pavement, but also affected by the pollutants in pavement. Cao Ping [18] selected four kinds of common pollutants in pavement, and divided the pollutants into four different amounts, and researched the impact of four kinds of different pollutants on the anti-sliding performance in pavement under wet and dry conditions. In order to have an in-depth understanding of the impact of pollutants (rainfall and debris) on the friction measurements in a short term and in a long term, DJ Wilson [19] conducted two-stage researches from 2003 to 2006. The researches in previous stages show that, the anti-sliding value may have a short-term change, and such a change is affected by a number of relevant factors, including the properties of aggregate and pollutants in pavement. The researches in later stages show that, the accelerated polishing in the laboratory and pollutants may lead to a significant change in the anti-sliding performance in the aggregate surface, and the difference in the anti-sliding performance is related to the properties of aggregate minerals and pollutants used in the accelerated polishing process.
RESEARCH ON EFFECT OF POLLUTANTS
ON POLISHING OF PAVEMENT AGGREGATE
Types of pollutants in pavement
There are many types of pollutants in pavement. As the pavement is exposed in an open environment, ash, sand, dust in the air deposited in pavement due to its gravity and wind, wear of vehicle tires, as well as pollutants remained by the transport vehicles loaded with mud, soil, stone, sand and oil while traveling will reduce the safety coefficient of the pavement.
Gravel
When the vehicle tires are traveling in pavement, under normal conditions, tires are in direct contact with the pavement. However, due to the presence of gravel in pavement, tires are unable to be in direct contact with the pavement, and the gravel will roll in pavement with the movement of vehicle, and the sliding friction between tires and pavement changes into rolling friction, reducing the anti-sliding performance in pavement. With the increase in gravel, rolling friction increases, and more losses will be brought to the anti-sliding performance.
Viewing from the long-term anti-sliding performance, different structure types of pavement are subject to different influencing degrees of the gravel. When the macroscopic structure depth of the pavement is relatively low, such as AC graded aggregate pavement, a small amount of gravel accumulated in pavement will leave the contact area of tires and pavement with the rolling of vehicle, so that the pavement can restore the original anti-sliding performance [20] . However, if there is an excessive number of gravel in pavement, after a long-term rolling of tires, a small amount of gravel is retained in pavement, resulting in failure to restore the anti-sliding performance to the original level. If the macroscopic structure depth of the pavement is relatively large, such as SMA or OGFC pavement, the gravel retained in pavement will be retained in the macroscopic structure due to squeezing effect of the vehicle tires, thus affecting the long-term anti-sliding performance in pavement.
Sand
The presence of sand in pavement will reduce the anti-sliding performance in pavement. The particle size of the sand is smaller than that of the gravel, and the sand has a smaller impact on the anti-sliding performance in pavement than that of the gravel, but their influence mechanism of the anti-sliding performance is basically the same. The sand is repeatedly grinded by vehicles in pavement and the particle size of sand is too small. For the pavement at any level, part of sand remains in the cracks in pavement, resulting in reduction in the depth of macroscopic structure in pavement; part of sand is brought out the cracks by tires, resulting in rolling friction of tires, so the sand has an impact on the anti-sliding performance in pavement for a longer time. Meanwhile, with the increase in the volume of sand, the anti-sliding performance also increases.
Dust
The impact of dust on the anti-sliding performance in pavement is different from that of gravel and sand. As the particle size of dust is too small, when dust is covered in pavement, it obstructs the direct contact with tires and pavement, so that tires slide on the dust, and the original sliding friction formed by tires and pavement changes into the sliding friction between tires and dust, while the latter sliding coefficient is less than the former, so the anti-sliding performance reduces.
In the long period of tire rolling process, due to a small particle size of dust, part of dust remains in the aggregate surface of pavement, and part of dust enters in the macro-structure in pavement, reducing the anti-sliding performance in pavement. Meanwhile, dust is unable to be easily divorced from the texture of aggregate surface or macroscopic texture, so dust may reduce the anti-sliding performance in pavement for a long time.
Oil contamination
Once the pavement is contaminated by oil contamination, oil contamination will quickly enter the mi-cro-texture and macro-texture of the aggregate in pavement, and the anti-sliding performance will decrease seriously. Vehicle tires will produce sliding friction on the oil contamination, and its sliding friction coefficient is less than the friction coefficient of the clean pavement, wet pavement and pavement covered with dust, so the friction performance will decrease seriously due to the existence of oil contamination. After a certain period of load rolling, oil contamination has a little change in the state of pavement compared to previous contamination, which will also greatly reduce the anti-sliding coefficient in pavement, and affect the anti-sliding performance in pavement for a long time.
Water film
The slippery pavement is caused by rainfall and other reasons, thus greatly reducing the anti-sliding performance in pavement. A lot of researches show that, when the pavement changes from a dry state into a wet state, its anti-sliding performance decreases obviously. With the increase in the thickness of water film in pavement, the anti-sliding performance in pavement has a small reduction rate.
Experimental section

Selection of polishing paste
This experiment selects four kinds of media with different hardness and particle size, which are emery, soil, green silicon carbide and quartz sand. Their physical forms are shown in Figure 1 . The basic information is as follows:
Emery: particle size: 600~710µm; density: 3.0~4.1g cm -3 ; Moh's hardness: 9; main component: Al 2 O 3 . Soil: average particle size: 2.5~1200; Moh's hardness: 2~2.5; main component: aluminosilicate. Green silicon carbide: average particle size: 50 µm; density: 3.0; Moh's hardness: 9.5; main component: SiC. Quartz sand: average particle size: 1200~2400; Moh's hardness: 7; density: 2.65. 
Aggregate selection
The aggregate composition has a great impact on the anti-sliding performance in asphalt pavement [21, 22] . This experiment selects ceramsite, andesite and limestone aggregate, with the aggregate grading type of SMA-13 [23] . The specific grading is shown in Table 1 . The asphalt used is SBS modified asphalt [24] ; mineral powder is limestone powder; fiber is lignin fiber. The specific indicators are respectively shown in Table 2, Table 3 and Table 4 . Indoor molding is three kinds of asphalt mixture specimen. 
Polishing experiment
Currently, there are many instruments and methods used to measure and research the anti-sliding performance in asphalt pavement [25, 26] . In this experiment, the wheel type accelerated polishing machine is used to polish rut samples. The tire pressure is set as 1,000 KN, the grounding pressure is 0.167 MPa, and the watering speed in the polishing process is 40±5 ml/min. Four kinds of pollutants selected are used to polish four kinds of test specimen in accordance with a certain sequence. In order to research the polishing effect of soil with different particle sizes on the aggregate, the square hole sieve is used to sieve soil, and the sieved soil is divided into three parts: <0.15 mm, 0.15~1.20 mm, >1.20 mm, and then the test specimen is polished for10 min. In order to research the polishing effect of polishing media with different hardness on the aggregate, the green silicon carbide, emery and quartz sand with a larger hardness are selected as the polishing media. In order to research the polishing effect of polishing media with different particle size and same hardness, the particle size of three kinds of media selected is ranked as follows: green silicon carbide < emery < quartz sand, which are polished for half an hour. In order to research the impact of water on the polishing effect, the same polishing process is carried out under anhydrous and hydrous conditions. The specific sequence is shown in Table 5 . The polishing sequence is divided into two different stages, of which the previous stage is in a dry state, and the latter stage is in a wet state (40±5ml/min). In this experiment, four kinds of different rutting plates are polished in accordance with the above sequence, while the same rut sample is polished under conditions of just adding water, without adding any polishing media. In contrast to the polishing effect of the media on the aggregate, after completion of polishing, the friction meter of the pendulum number is used to measure the pendulum number of the test specimen, and then the next stage of polishing is carried out [27] . As can be seen from Figure 2 , no matter how much the particle size of soil is, the pendulum number of all aggregates can be slightly increased. When the hardness of pollutants is larger and the particle size is smaller, such as emery or green silicon carbide, the anti-sliding performance of aggregates can be reduced, and the amplitude of reducing the anti-sliding performance of aggregates by the emery is larger. When the particle size of the pollutants is larger and harder, it has an improved effect on the anti-sliding performance of aggregates. The greater the difference in the hardness of aggregates and pollutants is, the more the anti-sliding performance is improved. When the polishing environment contains water, emery, green silicon carbide and coarse quartz sand have a weakening effect on the wear of mixture, because water plays a role in lubrication. The hardness size of three kinds of aggregates is as follows: andesite > limestone > ceramsite. The variation amplitude of pendulum number of three kinds of aggregates is as follows: ceramsite > limestone > andesite, so the greater the difference in the hardness of aggregates and pollutants is, the more the pendulum number decreases.
IMPACT OF POLLUTANTS ON THE LONG-TERM ANTI-SLIDING PERFORMANCE IN ASPHALT PAVEMENT
Polishing experiment
Selection of pollution status
Sand, soil and oil contamination that are most common in pavement are selected as pollutants. The particle size of sand in pavement is a micron size, so the square hole sieve is used to sieve soil and sand, and soil and sand with the size of less than 0.070 mm are used as the test contaminants; the lubricating oil is selected as the oil contamination in pavement. To simulate the impact of pollutants in the actual pavement on the anti-sliding performance in asphalt pavement indoor, and combine the three kinds of pollutants into six kinds of pollutants with different pollution levels as the polishing simulation status of the pavement: clean, 5g of soil and sand respectively, 10g of soil and sand respectively, 15g of soil and sand respectively, 5g of soil and sand respectively and 10g of lubricating oil, 5g of soil and sand respectively and 20g of lubricating oil.
Mixture molding
The andesite is used as a raw material of aggregate, and aggregate grading types are respectively SMA-13 and AC-13. The specific grading is shown in Table 1 . The asphalt used is SBS modified asphalt; mineral powder is limestone powder; fiber is lignin fiber. The specific indicators are respectively shown in Table 2 , Table 3 and Table 4 . Indoor molding is asphalt mixture specimen.
Polishing experiment
The wheel type polishing machine is used for accelerated polishing of two kinds of asphalt mixtures with different grading under six different pollution conditions. The grounding pressure is 1,000 N; additive volume of coarse sand is 5±2g/min; additive volume of water is 40±5ml/min; temperature is 20°C, with 5g of soil and sand respectively, 10g of soil and sand respectively and 15g of soil and sand respectively; the pendulum number before and after cleaning the pollutants in pavement and the structure depth after cleaning the pollutants are measured respectively. The lubricating oil is unable to be completely removed from the aggregate surface, so the pendulum number of the surface of the test specimen polluted and the structure depth are only measured.
Research on attenuation rules of long-term anti-sliding performance in asphalt pavement
Asymptotic model is used to fit the pendulum number of SMA-13 and AC-13 under six different pollution conditions and attenuation curve of the structure depth. For the pendulum number, the stable degree, the final value of test and the attenuation rate are used; for the structure depth, the evaluation indicators used are the final value of test and attenuation rate. Table 6 shows the attenuation evaluation indicators of SMA pendulum number under different pollution conditions. Figure 3 shows the comparison diagram of attenuation of the pendulum number and structure depth. As can be seen from the above table and diagram, the polishing number required for stabilization of the pendulum number of the pavement polluted by 5g of soil and sand respectively is consistent with that of the clean pavement; the polishing number required for stabilization of the pendulum number of the pavement polluted by 10g of soil and sand respectively and the pavement polluted by 15g of soil and sand respectively reduces. The pavement with oil contamination is not polished to a stable pendulum number, so it is unable to determine the stable state. For the stable pendulum number, the difference in the first four pollution conditions is very small; for the final value of test, the pavement polluted by the soil and sand is less than the clean pavement, but with a little difference, and a maximum difference of 0.6 BPN; for the attenuation amplitude of pendulum number, there is a maximum difference in the pavement polluted by 10g of soil and sand respectively, while other pavements polluted by the soil and sand are closer; for the attenuation rate of pendulum number, the pavement polluted by 5g of soil and sand respectively is close to the clean pavement; the attenuation rate of the pavement polluted by 10g of soil and sand respectively and 15g of soil and sand respectively increases slightly. The initial pendulum number and attenuation amplitude of the pavement polluted by oil contamination are less than that of the clean pavement and pavement polluted by soil and sand. In addition, with the increase in volume of oil contamination, the attenuation amplitude of the initial pendulum number and final value of test decreases. Viewing from the attenuation curve of the structure depth, the attenuation curve of the structure depth of the clean pavement is close to that of the pavement polluted by soil and sand, and there is a very little difference between the final value of the structure depth and attenuation rate. With the increases in volume of soil and sand, the structure depth decreases, may be caused by failure to completely remove the soil and sand with an excessive void ratio. The structure depth of the pavement polluted by oil contamination is lower than that of the first four pollution conditions, probably because the value is measured under conditions of not removing the surface impurities. Viewing from the attenuation rate of the structure depth, they are less than that of the first four pollution conditions. Table 7 shows the attenuation evaluation indicators of AC pendulum number under different pollution conditions; Figure 4 shows the comparison diagram of attenuation of pendulum number and structure depth. As can be seen from the above table and diagram, the polishing number required for stabilization of the pendulum number of the pavement polluted by 5g of soil and sand respectively is consistent with that of the pavement polluted by 10g of soil and sand respectively, which is less than the polishing number required for stabilization of the pendulum number of the clean pavement. The pavement polluted by 15g of soil and sand respectively and oil contamination is not polished to a stable pendulum number, so it is unable to determine the stable state. The pendulum number of the first three pollution conditions decreases successively, with the largest difference of less than 1 BPN; the final value of first for the first three pollution conditions has a little difference of less than 1 BPN; for the attenuation amplitude of pendulum number, the attenuation amplitude of the first three polluted pavements is close, which is larger than that of other three polluted pavements; the attenuation amplitude of pendulum number of the pavement polluted by 5g of soil and sand respectively and the pavement polluted by 10g of soil and sand respectively is greater than that of clean pavement, because the other three pavements are unable to achieve a stable pendulum number and determine the attenuation rate. The initial pendulum number and attenuation amplitude of the pavement polluted by oil contamination and the pavement polluted by 15g of soil and sand respectively are less than that of the first three polluted pavements. In addition, with the increase in volume of oil contamination, the attenuation amplitude of the initial pendulum number and final value of test decreases. Viewing from the attenuation curve of the structure depth, the attenuation curves of the structure depth of the clean pavement and the pavement polluted by 5g of soil and sand respectively are close to that of the pavement polluted by 10g of soil and sand respectively, and there is a very little difference between the final value of the structure depth and attenuation rate. With the increases in volume of soil and sand, the structure depth decreases, may be caused by failure to completely remove the soil and sand with an excessive void ratio. The attenuation rate of the pavement polluted by 15g of soil and sand respectively is lower than that of the first three pollution conditions, while the structure depth of the pavement polluted by oil contamination is lower than that of the first four pollution conditions because the value is measured under conditions of not removing the surface impurities. Viewing from the attenuation rate of the structure depth, they are less than that of the first four pollution conditions. Figure 5 is the comparison diagram of mixture attenuation of pendulum number before and after cleaning soil and sand. As can be seen from the diagram, the pendulum number after cleaning is larger than that of pavement with soil and sand. After calculation of the difference in the pendulum number before and after cleaning different pollution conditions, it is found that the difference in the pendulum number before and after cleaning the same pollution condition of the same test specimen is close in the attenuation process of the anti-sliding performance. Table 8 is the specific data. For SMA, with the increase in volume of soil and sand, the difference in the pendulum number increases gradually. For AC, the difference in the pendulum number of the pavement polluted by 10g of soil and sand respectively and the pavement polluted by 15g of soil and sand respectively is close, which is greater than that of the pavement polluted by 5g of soil and sand respectively. In summary, in the presence of soil and sand in pavement, the anti-sliding performance in pavement will accelerate the polishing in pavement. With the increase in volume of soil and sand in pavement, the accelerated polishing effect will be larger. However, if there are excessive soil and sand in pavement, it will obstruct the polishing in pavement, but the friction performance in pavement significantly reduces. In the presence of soil and sand and oil contamination in pavement, the anti-sliding performance in pavement significantly reduces. However, the existence of lubricating oil obstructs the polishing effect of the pavement, resulting in the slowdown of the attenuation rate of the anti-sliding performance in pavement. For different graded asphalt mixture, the void ratio of SMA grading is greater than that of AC grading, so when there are pollutants in pavement, a small amount of fine particles will enter into the macroscopic structure, and the anti-sliding performance is better than that of AC grading in a certain range.
EXPERIMENT CONCLUSIONS
This paper researches the polishing effect of different polishing media on asphalt mixture, and finds that the polishing media are related to the polishing effect of aggregate, composition of aggregate mineral, hardness of aggregate, hardness of polishing media, particle size, as well as wet and dry conditions. For a particular aggregate, the degree of reduction in its friction coefficient depends mainly on the difference between the hardness of pollutants and aggregate and mineralogy. The greater the difference is, the greater the friction value decreases. If the hardness is larger, the emery and green silicon carbide with a smaller particle size will reduce the anti-sliding performance in pavement; the soil with a smaller hardness has a small impact on the aggregate; the quartz sand with a larger hardness and particle size can enhance the anti-sliding performance of the aggregate. Compared with wet and dry conditions, water plays a role in lubrication, thus reducing the polishing effect. In addition, this paper also researches the attenuation rules of the anti-sliding performance of asphalt mixtures under different pollution conditions, and finds that a small amount of soil and sand in pavement will accelerate the attenuation of the anti-sliding performance in pavement, oil contamination will reduce the anti-sliding performance in pavement, but also obstruct the attenuation of the anti-sliding performance.
